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1 
y invention relRteS fo cOèrCing meRns ï0r 
gyroscopes 3nd primRrfiy 
màgnetic apparatus for prèdesing a gyroscope 
within predetePmined limïS úboùt. tWO axes of 
freed0m. 
The improved elëctr0mRgnetic pprRt o 
the Subject invention empl0ys  CruCiform shRped 
magnetic cote studtùrë hvg tw0 phir of ëleC 
tromgnets energized from 
rent supply Which is Varibly controlièd uch 10 
that the polRr strèngth of taê màgnets in ehch 0f 
the pirs vies verseiy: ë airs of elect0- 
magne are so Riigned with 
lel ith the «xes of freedom of the g0scpe o 
cRuse precegsion of the gr¢scopë Rb0Ut 
plemêntry axis norl thereto. A single Rrm 
ture ttched to the gyroscope coopertes With 
all of the electromRgnets fo coerce the gyroscope 
înto the desifed position. 
If is therefore Rn object 
pï'ovide n improved direct cCren type of gyr0- 
scope coerCig pprtus Which iS simple in de- 
sign, Compact in structure Rnd inéxpensive to 
mànfetùre. 
I is àlso R objedt of ts inyention fo pro- 5 
vide  gyroscope c0èrcing mens Widh iS Sensi- 
tive in operRtion ànd rRpid hd dcurtë In re- 
spore. 
These Rnd other objects of this invention Will 
become pprèt fro . reàdg of the ttce 30 
description togethdr with t e drRwifigs Whereïn'. 
igure 1 iS  side èievRtion view of the gPr6 
scope in Section., 
gufë 2   Plan view öf the doecin$ mëR 
of the groscope omitting 
long the lïnê 22 o gure 1, ànd 
igure 3 is R schemRtic shon 0f an enègiz 
ing circùit for the suject c0ercing eàns. 
OEhe grocope which is dontrolled by te 
jêct coércg meRns is shown in gure 1 aS lrge- 40 
ly conventionRl. It emplois 
WhiCh Is dven by R. Coventionl Split phRse 
A. . m0t0r, . të field structure  of fiich is 
StRtiohïly oted 5- te 
fotor . Althoùgh te detaiI 0f thê 
nb-0Wh, e fiéid mcte 
çhase wndïng thèrei hïCh  fidptèd td bê 
enërgied r0 a singée 
one wmng- of WhiCh s énergied thrsgh R coR- 
densèr . OEhe rotor ms 0 mounts the qùirëi 50 
cge element 4 of the motor, the mas being 
journRled on the shRft 2 by meRs Of bêRgs 
Sin  Conventionl me. AS diCtéd in 
gùfe i, one portion of hë 
cOntain theled vites  b mn 6f i¢h ihe  5 
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field element ! ! iS ëïïëgied. Tlie 
 mounted in an i:nnët $bal 
ner tht thè rotor mss  is free to -rotatè s 
shît 2 nd gimbI rèmin sttiory, fier 
gimbl 2  is in turn monted in n ter i.m5ï 
2 by meanS of copërting h-fts d e$ 
mounted i the gbls espectiely 
This munting gives n xis of rotfi0n 
normal t0 the pln of thé drwing nd 
through he cete of grvit 0f thé g:Yr0c0ç. 
The oute gibl  is in turn ofinted 
ïrme 2 of the gyroscope y me:s of 
în pins 2 nd beringS , thè pïs beïh$ 
mouned in thè fre 2 nd he beris 
mounted in thè 0uter mbl 22. ThiS estblifieS 
 second xis of rotation for the groScopë oCted 
in th plane of the drwing i igue 1. 
me 2 is generlly -shped in fo gnd 
mounts on it upper iner surface trie condensë 
 for te spin motor of the go rt0r s i 
dicted in igure 1 through suitble s 
brackets idicted t  d  rëspéctiYèl. 
rme 25 lso mots  pótenti0meter indg 
$2»  wipèr  of whic i ttchéd o the Outë 
global 2 t0 indicte reltivë movemènt betëëfi. 
the outer gbal and the 
potentiomete widing d Wiper gsëbl 
show) are mounted respeCtivëiy 0n é ie 
d oe gimbls b incte 2èlti displc'ë 
ment betWëen teS gimals. 
me 2 of the gyroscpë 
fme  for gyr0 coercing m- or precëSsg 
motorg by me of  rbbetéd 
show, this ltte frime bég 
hvi 6pengs  therei in whïch 
oî ëIctomgnë incte  , 
are on.ted. mè  is mhde òf 
netic mteril for purpses hich Will cë 
êviet s this dIosure Pocee. Thë 
eic portion of te pirs of electr0mge , 
4 ànd 42,  f0rms  cùcif0rm shaped c0rë 
structure dè ap of fou shped coé è 
ers ,- 6, , 3 gnd  ëntri coè mèbë 
trémity 0f eàch b the shapd corë éër 
fi into the cèr C6rë meBer 
the -shed cbYê members iS ruade óf 
netic mtel nd serres s 
the pirs 0f electromagnëtS. Tè 0ppoitë e- 
tremity of ech of the shed cë 
, , 2 nd  is bëveled 
frée eXtremity as indicted ai . imill tê 
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ly curved concave upper surface 6, the curva 
ture of the central cote member and of the tïps 
of the L-shaped cote members , I, 2 and S 
beîng substantially uniform. The central core 
member 4 also has an a.perture 58 therein lined 
wîth  rubber bumper member 9 the purpose of 
which will be later noted. Further each of the 
L-shaped core members 0, 5L 2 and S have 
mounted along their extent betwecn the central 
core member 54 and their beveled extremity 5 
a winding 60, 6, 62 and 813 respectively. The 
L-shaped core members and the central cote 
member as well as the winding 08--6 thereon are 
held in assembled relationship by suitable means 
(not shorn) in the frame 5 of the ecercing 
means. 
Cooperating with the electromagnetic struc- 
ture described above and attached to the gyro- 
scope rotor shaft |2 is a disc-shaped or sphm% 
caily curved armature  the radius of curvatm-e 
being the saine as that of surface 6. The arma- 
ture 8 is attached to an extension ! of shaft 
2 which is threaded through the lower gimbai 
2! of the gyroscope, the shaft extending beyond 
the armature  and into the aperture 58 in the 
central cote member of the coercing means being 
adapted to contact bumper member 9 to limit 
displacement of the gyroscope with respect to its 
two axes of freedom defined above and dis- 
placement of the armature  with respect to 
the core structure. The armature  is ruade of 
a magnetic materiai such that when the wind- 
ings 68--63 on the respective pairs of electro- 
magnets 40, 4! and 42, 43 are energized, it will be 
attracted by all of the electromagnets. 
The pairs of etectromagnets 40, 4! and 42, 3 
and the precession or coercing motor frame 35 
is attached fo a mounting flange  by suitable 
means. A cover 7 fits over the gyroscope and 
its mounting gimbals and frames as well as the 
coercing means and abuts the mounting flange 
 to enclose the gyroscope, the cover being se- 
cured fo the frame 3 of the coercing means by 
screws or by any other suitable means such as 
soldering the cover to the fiange  when a her- 
meticaily seaied gyroscope is desh.ed. 
Electrical connections of the fleld element ! 
of the gyro rotor and the potentiometer wind- 
lngs 2, 3 are brought out of the gyro mounting 
flange  by a suitable connector indicated at 6. 
Simitarly the windings 60, $1, 62 and 6 are so 
connected that the respectïve windings of each 
of the pairs of electromagnets are connected in 
series and the free extremities of the windings as 
well as the common extremities are brought out 
through the mounting flange 3 by means of a 
connector indicated at . Since the details of 
the spin motor and the potentiometer circuits 
are conventional and form no part of this inven- 
tion they are not included here. The Figure 3 
of the drawing, however, shows the connections 
of the pairs of windings of the electromagnets 
8, 6, '62, and 63 of the electromagnets 40, ! 
and 2, 43 to an energizing source of power. For 
simplicity these coils are shown as connected 
directly fo remotely positioned potentiometer 
windings 88, 8! respectively having wipers 82, 03 
which are operated independently of the gyro- 
scope. The wipers 82, 62 of the potentiometer 
windings 8, 8! may for example, be manually 
operated when the gyroscope is used as a stabi- 
lizing device in a control surface channel of an 
automatic pilot system for an aircraft such that 
the altitude of the aircraft may be manuaily. 
controlled by movement of the wipers, or may be 

automatically operated by means of a motor or 
similar driving means which is operated by sig- 
nais from a point remote from the aircraft or 
independent of the automatic pilot system. Each 
5 of the windings , 8! have conter taps 84, 85 to 
which the pairs of windings are connected from 
a D. C. source of power. In this manner as the 
wipers of the remote potentiometers are varied 
in position alon theh" respective windings 8, 
10 |, the coils of the windings 8, 6! and 62, 63 of 
each pair are variably and proportionatly en- 
ergized in an inverse manner. 
The operation of the gyroscope rotor and its 
associated gimbal means is conventionat and will 
15 not be described in detail here. Energization of 
the spin motor of the gyro rotor, however, causes 
rotation of the rotor mass at a high speed and 
sers up rigidity in the gyroscope due to the spin- 
ning effect of the rotor mass. When se energize, 
.0 the rotor remains rigid or stationary in spaec and 
upon tilt of the gyroscope through its associated 
mounting flange, relative movement between the 
frame 2. and outer gimbai 22 with respect to the 
gyroscope toast or inner gimbai takes place. The 
25 coercing means of the gyroscope acting througti 
the armature 8 which is attached to the inner 
gimbai 2 ! is designed to urge the inner gimbai and 
hence the rotor mass to any desired or predeter- 
mined position depending upon the energization 
30 of the electromagnets 0, 4, 42 and 43. As indi- 
cated above, the pairs of electromagnets are ener- 
gized lndependently from the D. C. source of 
power and through a potential divider moEange- 
ment in which the energization of the respective 
5 electromagnets varies inversely from a normal or 
neutral position. Armature 8 is placed in close 
magnetic association with each of the electro 
magnets of the pairs and hence is proportion- 
ately attracted by the respective electromagnets 
0 depending upon the energization thereof. The 
cofls of the electromaets are so connected that 
the ends thereof common to the central cote 
member have the saine magnetic polarity and 
hence the electromagnets in each pair exert op- 
45 posing force in diametricaily opposite directions 
on the armature. Similarly the pairs of electro- 
magnets exert ïorces on the gyroscope through 
the magnetic attraction of the armature  in 
directions which are normal to one another and 
O hence the resultant of these forces is applied te 
the gyroscope to precess it to a predetermined or 
desired position about both of the axes formed 
by the gimbais of the gyroscope. Depending 
upon the manner in which the subject gyroscopes 
55 is fo be used, the energizing controlling means or 
potentiometers may be varied or operated. This 
opposed magnet system is such that the gyro- 
scopes witl rapidly and accurately respond to a 
need for changing the position of the gyroscope 
0 and magnets and cooperating armature are so 
designed to give a simple yet compact structure. 
While the present invention has been disclosed 
in connection with an electrically motor driven 
gyroscope, it is to be uuderstood that it can be 
ç5 apptied to any type of gyroscope in which if is 
desired to position the gyroscope with respect 
fo a pair of axes of freedom. Simflarly, whfle the 
parts of precession or coercing means have been 
speciflcaily described, it is to be understood that 
70 the invention should be limited ordy by the ap- 
pended claires. 
I claire as my invention: 
1. Means for coercing a gyroscope which is 
mounted on a ïrame for pivotal movement about 
75 a pair of axes disposed normal fo one another 



cempising a magnetc cote Structure attachd 
to said frame and including a central polWmem- 
ber and two pairs of pole members eact member 
of Which abuts at one extremity said central 
pole member to form à cruciform shaped struc- 
ture, the pole members of each pair being so 
aligned with one another and said central pole 
melnber to be normal to one of said axes .about 
which said gyrOscope is adapted tobe pivoted, an 
enêrgizing winding mOunted on each of said polè 
members forming said pairs, means dapted to 
variably control the. energization of sald windings 
from a D. C. source of: power such that lile mag 
netic polariGes exist at the extremities of ald 
pole members abutting said central pole member 
and such that the strength of the magnCic poles 
varies inVersely  between the pole members form 
ing sKi:d páirs, and a sphericalIy shaped member 
of magnetic material secured to saîd gyroscope 
and magnetically ssociated with said cote 
structure. 
2 . Means for coercing a gyroscope mounted for 
pivotal movement about a 'pair of axes disposed 
normaI to one another comprising, a magnetic 
core structure including a central pole .member 
and two pairs of pole members each member of 
which abuts atone extremity said central pole 
member to forma cruciform shaped structure, 
the pole members of each pair being so aligned 
with one another and said central pole member 
to be normal to one of said axes about which said 
gyroscope is adapted tobe pivoted, an energizing 
winding mounted on each of said pole members 
forming said pairs, means adapted to variably 
control the energization of said windings from 
a D. C. source of power such that like magnetic 
polarities exist at the extremity of said pole 
members abutting said central pole member and 
such that the strength of the magnetic poles 
varies inversely between the pole members form- 
ing said pairs, and a spherically shaped structure 
of magnetic material magnetically associated 
with said cote structure, one of said structures 
being mounted on said gyroscope and the other on 
a relatively fixed part. 
3. Nieans for coercing a gyroscope which is 
pivotally mounted for movement about a pair of 
axes disposed normal to one another comprising, 
a magnetic core structure including a central 
core member and two pairs of .-shaped core 
members, said L-shaped cote members being dis- 
posed to abut atone extremity said central core 
member and being so aligned with said central 
core member in pairs to be normal to one of said 
axes about which said gyroscope is adapted tobe 
pivoted, an energizing winding mounted on each 
of said L-shaped core members, means adapted 
to variably control the energization of said wind- 
ings such that like magnetic polarities exist at 
the extremities of said core members.abutting said 
central core member and such that the strength 
of the magnetic poles formed thereby varies in- 
versely between the cote members forming sald 
pairs, and a second structure of magnetic ma- 
terial disposed in magnetic association with said 
first named magnetic cote structure, one of said 
structures being mounted on said gyroscope and 
the other on a relatively fixed part. 
4. Means for coercing a gyroscope mounted for 
pivotal movement about a pair of axes disposed 
normal to one another comprising, a magnetic 
core structure including a central core member 
and two pairs of L-shaped core members, each of 
said L-shald cote members having energiing 
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wïudiïïgs there0n and being rngneticall¥ con-: 
nected with sid central core member formin'g 
therewith .a tvo pole elèctromagnet, said 
shaped cote members of èach pair being aligïed 
5 with one another and normal to one of said 
about which said gyrGscöpe is adapted to be pi i 
oted, means adapted to variabiy control tllë 
ergiation of said windings on sáid i.-shaped. 
cote members such tliat the strength of the 
lo of said electromagnets formed thëreby varF 
versely between the electromagnets formed 
said pïàrs oî sid .«slaped crë membërs;-«ïl. 
splïerically shPed strïcture of maàetîc ,nvat- 
rial disposed a.ljacent said electroniggnét 
5 magrïetically associated therewith, one of 
structUreS being mountéd on said gyroscope: 
the otC,er on a relatVely fixed part. 
5.. Mearis for coercing a gyrosope mïtëd for 
pivotal movement about a pair of xes dispoSe 
2o normal to one another comprising, á ïagïe$ic. 
cote structure including a central cote member 
and two pairs of .-shaped core members, eách 
of said .-shaped cote: members having energizing 
windings thereon and being magnetically 
5 nected with said central cote member forming 
therewith a two pole electromagnet, said 
shaped cote members of each pair being alfgiïed 
witl one another and normal to one of said axés- 
about which said gyroscope is adapted te 
]0 pivoted, said L-shaped cote members and safd 
centrai cote member having curved s/rfaces 
thereon of substantiaily uniform radius' of curv - " 
ture,  disc-shaped magnetic core structure 
ing substantially the saine radius of curvature 
5 said I:-shaped core members and said ceïtral 
cote member being disposed adjacent said first 
nmed magnetic cote structure and magne-tically 
associated therewith, one of said structures being 
attached to said gyroscope and the other to a 
4O relatively fixed part, means adapted to variably 
control the energization of said windings such 
that the electromagnets formed thereby wfll bave 
pole strength which varies inversely between the 
electromagnets formed by said pairs of said 
45 shaped core members. 
6. Means for coercing a gyroscope mounted for 
pivotal movement about a pair of axes disposed 
normal to one another comprising, a magnetic 
core structure including a central core member 
5O and two pairs of .-shaped cote members, each of 
said .-shaped cote members having energizing 
windings thereon and being magnetically con- 
nected with said central core member ïorming 
therewith a two pole electromagnet, said 
55 shaped cote members of each pair being aligned 
with one another and normal to one oï said axes 
about which said gyroscope is adapted to be piv- 
oted, said I.-shaped cote members and sald cen- 
tral core member having curved surfaces thereon 
6O 
of substantially uniform radius of curvature, and 
a disc-shaped magnetic member having substan- 
tially the saine radius of curvature as said 
shaped core members and said central cote ruera- 
c5 ber attached to said gyroscope for movement 
therewith about said axes being disposed adja- 
cent said magnetc cote structure and magnet- 
ically associated therewith, and means adapted 
fo variably control the energization of said wind- 
70 ings on said I-shaped core members from a D. C. 
source of power such that like magnetic polarities 
exist at the poles of said electromagnets common 
to said central core structure and such that the 
strength of the magnetic poles of said electro- 
75 magnet varies inversely between the electromag- 
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nets formed by said pairs of I-shaped core mem- 
bers. 
7. In a device of the class described, a cruci- 
form shaped cote structure having a common 
central pole and four outer poles each of which 
forms with said central pole a two pole electro- 
magnet, said poles having curved surfaces there- 
on, a spherically shaped armature of magnetic 
material disposed adjacent the curved surfaces 
of said poles, means mounting said armature for 
pivotal movement relative fo said poles of said 
electromagnets under the attractive influence of 
said electromagnets, means for energizing pairs 
of sald electromagnets formed by diametrically 
opposed outer poles and said central, pole such 
that said armature is attracted equally and in 
opposite directions by forces from said.pairs of 
electromagnets, and means for varying the en- 
ergization of said electromagnets making up each 
of said pairs inversely. 
8. Means for coercing a gyroscope mounted for 
pivotal movement about a pair of axes disposed 
normal to one another comprising, a cruciform 
shaped cote structure having a common cent'al 
pole and four outer poles each of which forms 
with said central pole a two pole electromagnet, 
means mounting said core structure on a rela- 
tive]y fixed part such that pairs of said electro- 
magnets formed by diametrical!y opposed poles 
are disposed normal fo one of said axes about 
which said gyroscope is adapted fo be pivoted, an 
armature of magnetic rnaterial mounted on said 
gyroscope and disposed adjacent the poles of said 
electromagnet with a substantially uniform air 
gap between said armature and each of said outer 
pales when said gyroscope is in a normal position, 
means for energizing the electromagnets formed 
by diametrically opposed poles such that said 
armature is attracted by opposed forces from 
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said electromagnets, and means for varying the 
energization of said electromagnets inversely. 
9. Means for coercing a gyroscope mounted for 
pivotal movement about a pair of axes dîsposed 
5 normal to one another comprising, a cruciform 
shaped cote structure having a conunon central 
pole and four outer poles each of whîch forms 
with said central pole a two pole electromagnet, 
means mounting said cote structure on a rela- 
]o tîvely fixed part such that pairs of saîd electro- 
magnets formed by diametrically opposed poles 
are disposed normal to one of said axes about 
which said gyroscope is adapted tobe pîvoted, an 
armature of magnetic material mounted on said 
!5 gyroscope and disposed adjacent the poles of said 
electromagnet with a substantially uniform air 
gap between said armature and each of said outer 
poles when said gyroscope is in a normal position, 
means for energizing the electromagnets formed 
:.I by diametrically opposed poles such that saîd 
armature is attracted by opposed forces from 
said electromagnets, means for varying theen- 
ergization of said electromagnets inversely, and 
means included in said armature and said cote 
%-, structure for limiting relative movement there- 
between. ,., 
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